Abstract-Type 2 diabetes is one of the major risk factor for microvascular and coronary artery disease(CAD). Therefore, recurrent monitoring of arterial condition is essential. The photoplethysmogram (PPG) technique is a simple and cost effective technique in measuring blood volume change. Second derivative of photoplethysmogram (SDPPG) which is one of the applications of PPG was used for monitoring the arterial condition.
I. INTRODUCTION
Diabetes mellitus (DM) which is related to the defective of insulin secretion and/or function is a chronic metabolic disease. Many organs including kidney, heart, muscle, eyes and other organs are affected due to the prolonged diabetes, which is associated with the tissue damage and damage inflicted on the blood vessels [1] . There are two types of diabetes which are known as type-1 and type-2 diabetes.
Type-1 diabetes generally afflicts a younger population and is associated with genetic [2] and type-2 diabetes is related to the lifestyle and commonly occurred on the adults in the middle age. The epidemic of type-2 diabetes is a worldwide phenomenon. The estimated prevalence of diabetes among adults was 7.4% in 1995 and this is expected to rise to 8.9% by 2025 [3] .
Type-2 diabetes is highly related to microvascular disease and is also a well known cause of accelerated coronary artery disease (CAD) [4] . Monitoring condition of artery on a regular schedule will become an effective and efficient prevention of the risk associated with CAD.
There are various methods to identify arterial condition either invasively or noninvasively. Photoplethysmograph (PPG) is a noninvasively optical measurement technique that can detect changes of the blood volume in the microvascular bed of tissue. PPG can apply on any location at skin surface [earlobes, fingers, toes etc]. Recently, second derivative of the finger PPG (SDPPG) has been developed as one of the noninvasive and convenient methods for pulse-wave analysis. There are various reports that assessment of vascular aging is possible throughout the SDPPG which is vascular aging is related to arterial condition [5] . Accordingly, an assessment of arterial condition is also possible throughout SDPPG. We are building on the work of Hyun Jae Baek, Jung Soo Kim, Yun Sung Kim, Haet Bit Lee and Kwang Suk Park by looking closer at the relationship between age and the diabetes. In this study, we predict the occurrence of premature vascular aging on diabetic patients.
II. METHODOLOGY

A. Subjects
Twenty-three diabetic patients participated in this analysis, from various range of duration of diabetes. The patients' data is extracted from UKM biomedical engineering research group PPG database. Subjects were divided into several groups according to their age: 40 to 44years, 45 to 49years, and 50 to 54 years. A comparison with 34 healthy subjects (with no risk factor, except smoking) who are of at the same age range was done to evaluate the premature process.
B. Data Processing
PPG signals were recorded using commercial devices and were analyzed off-line using MATLAB (The MathWorks, Inc.). SDPPG was performed using MATLAB and its waveform was varied with subjects. The PPG signal and its SDPPG are as shown in Fig. 1 .
The SDPPG consists of the initial positive wave (a wave), early negative wave (b wave), re-uplosping wave (c wave), late downsloping wave (d wave), and diastolic positive wave (e wave) and the shift from the baseline to the peak of each wave is taken as the value for each wave. The SDPPG wave pattern is determined by the proportions of the b, c, d and e waves to the a wave [5] . 
III. RESULTS AND DISCUSSION
SDPPG aging index (SDPPG-AI) can be calculated by following equation.
Although the contour of SDPPG waveforms is similar with each other, the gradient of each period (especially b wave and e wave) is fully dependent on vessel health of individual subject. Fig. 2 shows waveform with characteristic waves is missing. For most of the diabetic subjects, a, b and e waves can be observed clearly. Therefore SDPPG-AI was calculated by using only these waves. The equation used in informal method is as following [5] . Fig. 3 showed the comparison of aging index for healthy subjects and diabetic patients. The result showed that diabetic patient performs a higher index compared to healthy subject. The mean and standard deviation of informal SDPPG-AI on group basis for healthy subjects and diabetic patients are displayed in Table 1 . Generally, the informal SDPPG-AI increased with aging for both healthy subjects and diabetic patients. Aging causes arterial dilation and stiffen [6] . In addition, certain risk factors such as diabetes mellitus accelerate this process. Alteration in insulin secretion cause changes of glucose level in bloodstream and can damage the coronary arteries and blood vessels. Heart and blood vessel damage occurs three times more often at earlier age in diabetic patients [7] . 
